AIM: To evaluate the long-term effects of pattern scan laser (PASCAL) pan-retinal photocoagulation (PRP) on diabetic retinopathy (DR) in Chinese patients. • METHODS: In this retrospective study, we evaluated clinical data of 29 patients (53 eyes) with severe non-proliferative DR (SNPDR) or proliferative DR (PDR) who received PRP and follow-up at our hospital from 2008 to 2013. Sixteen patients (29 eyes) received PASCAL PRP and 13 patients (24 eyes) received 100-ms conventional laser PRP. • RESULTS: After long-term follow-up (mean, min-max days: 719.8, 290-1666 for PASCAL PRP vs 743.5, 240-1348 for conventional PRP, P=0.569), patients receiving PASCAL PRP required fewer photocoagulation sessions than the conventional PRP group (2.6±1.0 vs 3.9±0.9, P<0.01). Best corrected visual acuity (BCVA) was reduced slightly in PASCAL PRP group while reduced significantly in conventional PRP group. At last visit, 24 eyes in the PASCAL group (88.9%) and 21 eyes in the conventional group (91.7%) were improved or stable. Two eyes in PASCAL PRP group (7.4%) and 3 eyes in the conventional PRP group (12.5%) developed vitreous hemorrhage or vitreous fibrovascular proliferation. • CONCLUSION: PASCAL PRP is as effective and may be more conducive to maintaining visual acuity with less treatment sessions for DR treatment compared to conventional laser PRP. • KEYWORDS: proliferative diabetic retinopathy; severe non-proliferative diabetic retinopathy; pattern scan laser; pan-retinal photocoagulation; clinical effect Gong YJ, Lu L, Jin CJ. Long-term effects of pattern scan laser panretinal photocoagulation on diabetic retinopathy in Chinese patients: a retrospective study. Int J Ophthalmol 2020;13(2):239-245
INTRODUCTION
D iabetic retinopathy (DR), a chronic retinal vascular disease associated with long-term hyperglycemia, is the main cause of blindness in working-age adults. DR can develop from non-proliferative diabetic retinopathy (NPDR) with microvascular disorders such as exudates or microaneurysm but no neovascularization (NV), to proliferative diabetic retinopathy (PDR) manifested by retinal NV, preretinal hemorrhage or vitreous hemorrhage (VH). NPDR reaching 4-2-1 rule by DRS and ETDRS criteria was considered as severe NPDR (SNPDR) and may progress to PDR soon, which could finally impair the vision markedly if uncontrolled [1] [2] . Therefore, early detection and treatment is essential. Pan-retinal photocoagulation (PRP) is the standard treatment and wildly applied for SNPDR and PDR before severe VH, tractive retinal detachment or secondary neovascular glaucoma occurs, and can substantially reduce the risk of vision loss [3] [4] [5] [6] [7] . However, 100ms conventional PRP causes inevitable destruction of the fundus, leading to side effects such as aggravated macular edema during the early stage after photocoagulation, long-term narrowing of the visual field, impaired dark vision, and decreased visual acuity [8] [9] [10] . Pattern scan laser (PASCAL) photocoagulation is a relatively new modality for ocular treatment that uses short exposure times (10-20ms for macular area, 20-30ms for PRP), and lower laser energy density compared to conventional photocoagulation. PASCAL may reduce each treatment time, improve efficiency of PRP, and induce less damage to the peripapillary retinal nerve fiber layer and macular retinal nerve fiber layer than 100-ms conventional laser PRP [11] [12] [13] [14] . The Manchester PASCAL study found that the NV regression rate after a single PASCAL PRP session was higher at 3mo compared to 100-ms conventional laser exposure, while a follow-up retrospective report also found that PASCAL PRP was effective for control of PDR progression in most eyes at about 18mo after treatment [15] [16] . According to recent epidemiological surveys, the overall prevalence of diabetes in China may reach 10.9%-11.6%, with 20.2% in people above 60 years old [17] [18] . Due to the huge Chinese population and rapidly growing number of diabetes patients, DR morbidity is increasing yearly. Therefore, the wider use of PASCAL laser as a relatively rapid treatment mode may be particularly advantageous in China. However, few studies have directly compared PASCAL to conventional laser treatment in Chinese DR patients. Moreover, follow-up in such studies has been relatively brief. Therefore, we reviewed the clinical data from DR patients treated by PASCAL laser or conventional laser in our hospital and subsequently followedup for at least 6mo to several years. These findings may be useful for ophthalmologists when considering DR treatment with PASCAL or conventional lasers.
SUBJECTS AND METHODS
Ethical Approval This retrospective analysis was approved by the Ethics Committee of the Zhongshan Ophthalmic Center. Informed consent was obtained from all patients. Patient Information All data were derived from the clinical records archived during our previous clinical works. Patients who met the following criteria were included: 1) age greater than 18y; 2) newly diagnosed SNPDR or PDR according to ETDRS criteria at baseline; 3) underwent PRP with PASCAL or conventional laser subsequently; 4) follow-up for at least 6mo. Exclusion criteria were as followed: 1) conditions affecting visual acuity or retinal evaluation results, such as corneal diseases, severe cataract, glaucoma, other retinal vascular diseases, optic diseases and macular diseases; 2) PDR with VH affecting laser photocoagulation, tractive retinal detachment or neovascular glaucoma; 3) previously treated with PRP or vitreous surgery. Diabetic macular edema was not the exclusion criterion in this study. A total of 29 patients (53 eyes) with SNPDR or PDR who underwent laser treatment and were followed up from 2009 to 2013 at Zhongshan Ophthalmic Center were included. Clinical data, including DR grade, treatment history, best corrected visual acuity (BCVA), intraocular pressure (IOP), slit lamp examination results of anterior and posterior segments, fundus images and fundus fluorescein angiography (FFA), were compared between PASCAL and conventional laser treatment groups. Treatment Information A pattern scan laser (Topcon, Japan) was applied for PASCAL PRP treatment, and a 532-nm frequency doubled Nd:YAG laser (Carl Zeiss, Germany) was used for conventional treatment. The PASCAL PRP parameters were 200 μm spot size, 20-30ms pulse duration, and power adjusted from 300 to 1000 mW until a gray-white lesion was observed. With the PASCAL, a 4×4 or 3×3 box pattern was used based on patient condition. Most complete PRP treatments were performed in two sessions, and the total spot number could reach 2500 to more than 3000. The following settings were used for conventional laser treatment: 200 μm spot size, 100ms pulse duration, and power increased from 150 mW until a gray-white lesion was attained. Burns were placed one burn width apart. Patients received at least three PRP treatment sessions, and the total laser spot number was about 1500 [19] [20] . Focal and/or grid photocoagulation was applied for macular edema, with 60-100 μm spot size, 10-20ms pulse duration in PASCAL group, and 50-100 μm spot size, 100ms pulse duration in conventional group. Greyish lesions were attained in both groups.
Assessment of Diabetic Retinopathy Progress
The therapeutic effects of laser treatment on DR at last follow-up were classified into four levels: improved, stable, progressed, and deteriorated. "Improved" means reduction of retinal exudation or bleeding, decreased microaneurysm number, partial or complete neovascular regression, and FFA showing that most of the non-perfusion area is covered by laser spots. "Stable" means retinal conditions were generally as baseline, including exudation, bleeding, and non-perfusion area. Patients with DR progression during the treatment, such as VH or vitreous body proliferation, which was controlled before last visit were considered stable. "Progressed" means increased retinal exudation or bleeding, expansion of NV area, or the appearance of VH or vitreous body proliferation. "Deteriorated" means severe VH or vitreous body proliferation requiring pars plana vitrectomy (PPV).
Proliferative Diabetic Retinopathy Reduction and Progression
The therapeutic effects of laser treatment on PDR at last follow-up were judged according to medical records. The retinal condition was analyzed by FFA results or careful ocular observation. The incidence of complete regression of NV was compared between groups. Statistical Analysis All statistical analyses were performed using the SPSS 16.0 software package. Group means were compared by independent samples t-tests. Baseline BCVA was compared to last-visit BCVA within groups using dependent samples t-tests. Chi-square test and Fisher's exact test were used to compare non-parametric data or proportions between groups. A P value of less than 0.05 (two-tailed) was considered significant for all tests. as the PASCAL PRP group and 13 patients (24 eyes) treated with conventional laser PRP were included as the conventional PRP group. Nine patients in PASCAL group and seven in conventional group received serum glycosylated hemoglobin level (HbA1c) examination. The overall conditions between the two groups were similar. No difference was found in eye, age, diabetes duration, serum HbA1c and follow-up time between the two groups. Sex proportions were slightly different but not significant between two treatment groups. Similarly, the proportions of SNPDR and PDR cases, and the macular edema status did not differ between groups (Table 1) . Photocoagulation Sessions In the PASCAL PRP group, most patients received 2 sessions of laser photocoagulation as complete PRP treatment, while some received 1 or 3 sessions according to condition. In the conventional laser photocoagulation group, all patients received at least 3 laser photocoagulation sessions as complete PRP treatment. In both groups, additional laser photocoagulation was administered during the follow-up if active DR was detected. Patients in the PASCAL group received significantly fewer total photocoagulation sessions than patients in the conventional laser photocoagulation group (Table 2, Figure 1A ). Therapeutic Results Vision and intraocular pressure Neither baseline nor lastvisit BCVA logMAR value differed significantly between the PASCAL PRP and conventional PRP groups (Table 2, Figure 1B ). Both groups demonstrated a modest increase from baseline to last follow-up, indicating slightly reduced visual acuity. However, significant difference was found in conventional groups but not PASCAL group. Similarly, neither baseline nor last-visit IOP differed between groups (Table 2, Figure 1C ). Progression and complications One patient (2 eyes, 1 SNPDR, 1 PDR) in the PASCAL PRP group was not included in the retinal outcome results because last visit retinal records were missing. In both groups, the majority of eyes were judged as improved, and there were no significant differences in the proportions of improved, stable, progressed, and deteriorated eyes ( Table 3 , Figures 2-4 ). For VH, eyes including SNPDR and PDR cases were counted, and for NV outcomes, only eyes of PDR were counted. In the PASCAL PRP group, 2 eyes (7.4%) exhibited VH or vitreous proliferation (indicating old VH) at last visit. The eye with VH was treated with PPV surgery. In the conventional laser group, 3 eyes (12.5%) exhibited mild VH but no vitreous surgery was needed ( Table  3 , Figures 2-4) . No significant differences were found between PASCAL group and conventional group when comparing the retinal outcomes, including VH complicated or NV outcomes respectively. Neovascularization regression rate in proliferative diabetic retinopathy eyes NV regression rates in both treatment groups were analyzed based on FFA and fundus examinations. Except for one eye without clear retinal record, the other 18 PDR eyes in the PASCAL PRP group were counted. Of these, 9 (50%) exhibited complete regression and 9 (50%, including the eye requiring PPV) showed residual NV. In 13 PDR eyes from the conventional laser group, 8 (61.5%) showed complete NV regression and 5 (38.5%) showed residual NV. Although the NV regression rate was slightly lower in the PASCAL PRP group, the difference did not reach significance ( Table 3 , Figures 2-4) .
RESULTS

DISCUSSION
PASCAL PRP has been applied for the treatment of DR since 2008 [15] [16] [21] [22] [23] . In our hospital, we use 20-30ms stimulation, 200 μm spot size, 0.75-1.0 spot spacing, gray-white reaction, and about 2500 points per eye for complete PASCAL PRP, similar to previous reports from other institutions. During follow-up, if signs of progression or active DR were found, such as residual non-perfusion area or NV, additional laser photocoagulation progressed, and deteriorated cases did not differ between treatment groups; B: The frequency of VH did not differ between groups; C: The regression rate of NV did not differ between groups. was performed. Our study indicated that although most DR patients required additional laser photocoagulation during the follow up, PASCAL PRP improved the whole treatment efficiency with less total laser sessions than conventional laser. In this present study, baseline BCVA logMAR did not differ between PASCAL PRP and conventional laser PRP treatment. The logMAR value indicated lower visual acuity at last follow-up in the conventional group, while acuity was slightly more stable in the PASCAL group. BCVA mainly reflects the function of the macula fovea. Conventional laser PRP could induce vision decreased and increase macular thickness from 3 to 24mo after treatment [24] . However, PASCAL laser may induce transient macular change at 4wk after treatment which was restored at 3mo, and maintained stable vision at 18mo after PRP compared to pre-treatment [15] [16] . Further, PASCAL laser did not change macular perfusion in PDR eyes, and significantly attenuated partial vision damage using electroretinogram evaluation compared to conventional PRP [25] [26] . The mechanism maybe because that PASCAL laser causes less damage to the retina by using shorter laser exposure which mainly focuses on retinal pigment epithelium and photoreceptors, inducing fewer inflammatory cytokines such as intorleukin-6 and monocyte chemoattractant protein-1 and vascular endothelial growth factor compared to conventional laser, and thus reduces the effects on macular area [27] . In this study, the baseline macular edema was similar between two groups. Although the effect of PRP or focal/grid photocoagulation on macular edema was not assessed because only a few patients had the macular thickness results. Our present vision results were similar to the previously reported, suggesting moderate stabilization of foveal function by PASCAL PRP. Retinal condition was improved or stable in most eyes of both treatment groups (improved and stable, 24 eyes, 88.9% in PASCAL group; 22 eyes, 91.7% in conventional group), although 3 eyes in the PASCAL PRP group (11.1%) and 2 in the conventional group (8.3%) progressed or deteriorated after treatment. In addition, a substantial fraction of both groups demonstrated complete regression of PDR NV (50% in the PASCAL PRP group and 61.5% in the conventional laser PRP group). These results confirmed that PASCAL PRP is as effective for most DR eyes as conventional PRP, although it might have a slightly weaker long-term inhibitory effect on PDR NV. At present, there are still disputes regarding the best treatment mode for PDR and the optimal PASCAL settings. Muqit et al [16] retrospectively analyzed a total of 22 patients (36 eyes) at 18mo after PRP treatment, which showed that in mild, moderate and severe PDR, the PDR reduction rate was 75%, 67% and 43%, with average number of laser spots and laser dosimetry significant increased to achieve complete regression with worsening PDR. Chappelow et al [28] found that PASCAL using conventional laser settings was less effective than conventional argon laser PRP for lasting regression of retinal NV in previously untreated high-risk PDR patients. Yamakawa et al [29] found that patients treated by PASCAL PRP exhibited a much higher average number of laser spots (4195) than a conventional laser group, although there were no significant differences in complications and efficacy for prevention of visual loss and central retinal thickening [29] . Collectively, our findings and previously published articles suggest that PASCAL PRP has definite efficacy for the treatment of PDR, but that laser parameters need to be optimized for different patients and retinal conditions. PASCAL PRP has been applied for the treatment of various retinal vascular diseases, such as retinal vein occlusion and DR; however, there were few long-term follow-up results reported. In this study, the long-term follow-up results showed that 20-30ms PASCAL PRP has an acceptable therapeutic effect in DR patients. PASCAL PRP requires a shorter time for single treatment and fewer treatment sessions than conventional laser PRP. Therefore, we believe that it could be widely applied for DR treatment. For the treatment of PDR, PASCAL PRP might have a slightly weaker long-term therapeutic effect than conventional laser PRP, but this issue also requires further investigation. Limitations of this study include the retrospective design, which precludes conclusions on causation, and the relatively small sample size. This small sample size is due to frequent comorbidity in DR, which increases the rate of loss during follow-up. Meanwhile, optical coherence tomography results for assessment of macular edema, and visual functional measurement such as perimetry, multifocal-electroretinography, and contrast sensitivity were lack in this study based on the present clinical records. These evaluation methods are very important and should be investigated in the future. Although we found several differences in outcome between PASCAL and conventional laser PRP treatment groups, most did not reach statistical significance due to the small sample size. Therefore, larger-scale prospective studies with more evaluation methods are required to provide more solid evidence on the relative efficacy and safety of PASCAL PRP compared to conventional laser PRP. Further, we must still identify optimal parameters for best PDR treatment outcome.
